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CHRONIC TOXICITY SUMMARY

1,1-DICHLOROETHYLENE
(DCE; 1,1-dichloroethene; VDC; vinylidene chloride)

CAS Registry Number: 75-35-4

I. Chronic Toxicity Summary

Inhalation reference exposure level 70 µg/m3 (20 ppb)
Critical effect(s) Increased mortality; hepatic effects (mottled

livers and increases in liver enzymes) in
guinea pigs

Hazard index target(s) Alimentary system

II. Physical and Chemical Properties (HSDB, 1994; CRC, 1994)

Description Colorless liquid
Molecular formula C2H2Cl2
Molecular weight 96.95 g/mol
Boiling point 31.7oC
Melting point −122.5oC
Vapor pressure 500 torr @ 20oC
Solubility Soluble in water (2.5 g/L); miscible in organic

solvents
Conversion factor 3.97 µg/m3 per ppb at 25 oC

III. Major Uses and Sources

1,1-Dichloroethylene (1,1-DCE) is used in the production of polyvinylidene chloride
copolymers (HSDB, 1994).  1,1-DCE containing copolymers include other compounds such
as acrylonitrile, vinyl chloride, methacrylonitrile, and methacrylate.  These copolymers are
used in flexible packaging materials; as flame retardant coatings for fiber, carpet backing, and
piping; as coating for steel pipes; and in adhesive applications.  Flexible films for food
packaging, such as SARAN and VELON wraps, use such polyvinylidene chloride
copolymers. The annual statewide industrial emissions from facilities reporting under the Air
Toxics Hot Spots Act in California based on the most recent inventory were estimated to be
2458 pounds of vinylidene chloride (CARB, 2000).

IV. Effects of Human Exposure

Limited information exists regarding the human health effects following exposure to 1,1-
DCE.  A few case reports and mortality studies have reported hepatotoxicity and
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nephrotoxicity after repeated, low-level exposures (USEPA, 1976; Ott et al., 1976).
However, these investigations were conducted in industrial settings with the possibility of
mixed chemical exposures.  In preliminary clinical findings reported by the EPA (1976),
workers exposed to 1,1-DCE for 6 years or less had a high incidence of hepatotoxicity, with
liver scans and measurements of liver enzymes revealing 50% or greater loss in liver function
in 27 of 46 exposed workers.  Unfortunately, no follow-up study was reported.

V. Effects of Animal Exposure

Several studies have reported on the subchronic or chronic toxicity of 1,1-DCE in laboratory
animals exposed either via oral or inhalation routes.  The liver is the primary target organ of
1,1-DCE toxicity following acute or chronic inhalation exposure.  Such exposure is marked
by both biochemical changes (alterations in serum enzyme levels) and histological changes
(e.g., midzonal and centrilobular swelling, degeneration, and necrosis) (Gage, 1970; Lee et
al., 1977; Plummer et al., 1990; Quast, 1976; Quast et al., 1986).  Unfortunately, these
longer-term studies used only one or two doses or a limited number of animals.

Male and female rats exposed intermittently (6 hours/day, 5 days/week) to 125 or 200 ppm
1,1-DCE over 30 days exhibited centrilobular fatty degeneration or hepatocellular necrosis
(Quast 1976, as cited by USDHHS, 1994).  Two other studies identified hepatic changes in
rats at lower concentrations of 1,1-DCE (6 hours/day, 5 days/week): cytoplasmic vacuolation
after 30- or 90-day exposure to 25 or 75 ppm 1,1-DCE (Balmer et al., 1976, as cited by
USDHHS, 1994), and fatty changes after 6 months at 25 ppm 1,1-DCE (Quast et al., 1986).

Laboratory animals appear less tolerant of continuous exposure (23-24 hours per day) than
intermittent exposure.  Beagle dogs exposed to 100 ppm 1,1-DCE for 8 hours/day, 5
days/week for 42 days had no evidence of hepatotoxicity, but continuous exposure to 48 ppm
for 90 days caused liver changes (Prendergast et al., 1967).  Similarly, monkeys continuously
exposed to 48 ppm for 90 days exhibited focal necrosis and hemosiderin deposition, while no
liver toxicity was apparent following 42 days of intermittent exposure to 100 ppm 1,1-DCE
(Prendergast et al., 1967).  Guinea pigs exposed to 1,1-DCE for 24 hours per day for 90 days
(0, 5, 15, 25, or 48 ppm) displayed mottled livers at 15 ppm, and increased liver enzyme
levels (serum glutamic-pyruvic transaminase (SGPT) and alkaline phosphatase (AP)) at
48 ppm.  A NOAEL of 5 ppm based on liver changes (Prendergast et al., 1967) is indicated by
the results.

Data on continuously exposed guinea pigs from Prendergast et al. (1967)

ppm 1,1-DCE (mg/m3) Survival
Body weight
change Liver AP SGPT

   0 312/314 +69.0% 0.08±0.03 10±5
   5 (20) 43/45 +58.6% 0.08±0.03 11±3
   15 (61) 12/15 +55.3% Not reported Not reported
   25 (101) 12/15 +74.0% Not reported Not reported
   48 (191) 8/15 +50.3% 0.19±0.04 >70
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Additional adverse effects observed to a lesser extent in laboratory animals include
respiratory and renal toxicity.  Nephrotoxicity observed following chronic 1,1-DCE exposure
included gross organ (increases in kidney weight) (Klimisch et al., 1979; Quast et al., 1986)
and histological changes (tubular swelling, degeneration, and necrosis) (Klimisch et al., 1979;
Lee et al., 1977; Prendergast et al., 1967).  Continuous exposure of rats to 48 ppm 1,1-DCE
for 90 days caused nuclear hypertrophy of the renal tubular epithelium (Prendergast et al.,
1976).  Mice exposed to 25 ppm 1,1-DCE 4 hours/day, 4 or 5 days/week, for 52 weeks
displayed severe tubular nephrotoxicity (Maltoni et al., 1985 as cited by USDHHS, 1994).
Nasal irritation was observed in rats exposed to 200 ppm for 4 weeks (Gage 1970).  But no
respiratory effects were attributed to 1,1-DCE exposure in rats, monkeys, dogs, rabbits, or
guinea pigs exposed to 100 ppm intermittently for 6 weeks (Prendergast et al., 1967) or in rats
exposed to 75 ppm for 18 months (Quast et al., 1986).

Toxicokinetic studies in laboratory animals have demonstrated that 1,1-DCE is readily
absorbed and rapidly distributed following inhalation exposure (Dallas et al., 1983; McKenna
et al., 1978b).  Following inhalation exposure to radioactively labeled 1,1-DCE, rats
preferentially accumulate radioactivity in the kidney and liver (McKenna et al., 1978b; Jaeger
et al., 1977).  Glutathione (GSH) conjugation appears to be the major detoxification route for
1,1-DCE intermediates, and GSH-depleting experimental states, such as drugs and fasting,
may tend to increase 1,1-DCE toxicity (Jaeger et al., 1977; McKenna et al., 1978; Reichert et
al., 1978).  One study greatly increased 1,1-DCE induced lethality and hepatotoxicity in rats
by pretreatment with acetaminophen (Wright and Moore, 1991).
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VI. Derivation of Chronic Reference Exposure Level (REL)

Study Prendergast et al. (1967)
Study population Guinea pigs (15 per group, except 45 animals in 20

mg/m3 group)
Exposure method Continuous whole body inhalation (0, 20, 61, 101,

or 189 mg/m3)
Critical effects Increased mortality at 61, 101, and 189 mg/m3;

hepatic effects (mottled livers and increases in
SGPT and AP enzymes) noted at 189 mg/m3

LOAEL 61 mg/m3 (15 ppm)
NOAEL 20 mg/m3 (5 ppm)
Exposure continuity Continuous
Exposure duration 90 days
Average experimental exposure 20 mg/m3 for NOAEL group
Human equivalent concentration 20 mg/m3 for NOAEL group (gas with systemic

effects, based on default assumption that RGDR
= 1 using default assumption that lambda (a) =
lambda (h))

LOAEL uncertainty factor 1
Subchronic uncertainty factor 10 (since guinea pig life-span is approx. 6 years)
Interspecies uncertainty factor 3
Intraspecies uncertainty factor 10
Cumulative uncertainty factor 300
Inhalation reference exposure level 0.07 mg/m3 (70 µg/m3; 0.02 ppm; 20 ppb)

The principal study (Prendergast et al., 1967) identified adverse hepatic and/or renal effects in
rats (15 or 45/group), guinea pigs (15 or 45/group), dogs (2 or 6/group), and monkeys (3, 9, or
21/group) exposed to inhaled 1,1-DCE.  Continuous exposure to 1,1-DCE, 24 hours/day over
90 days, demonstrated more severe effects than intermittent exposure, 6 hours/day, 5
days/week for 6 weeks, in the species tested.  Unlike the other available subchronic and
chronic studies, this principal study included multiple exposure levels of 0, 5, 15, 25 and 48
ppm (0, 20, 61, 101, and 189 mg/m3).  Mortality, hematologic and body weight data were well
tabulated and presented in this study.  Histopathologic evaluation was conducted on the heart,
lung, liver, spleen and kidneys.  Following continuous exposure, adverse hepatic effects
included focal necrosis in monkeys (LOAEL = 189 mg/m3, NOAEL = 101 mg/m3), in dogs
(LOAEL = 189 mg/m3, NOAEL = 101 mg/m3), and in rats (LOAEL = 189 mg/m3, NOAEL =
101 mg/m3); and altered lipid content and increases in SGPT and alkaline phosphatase in
guinea pigs (LOAEL = 189 mg/m3, NOAEL = 20 mg/m3).  Additionally, renal alterations
were observed in rats as nuclear hypertrophy in the tubular epithelium (LOAEL = 189 mg/m3,
NOAEL = 61 mg/m3).  Monkeys exposed to 1,1-DCE also displayed a greater than 25%
decrease in body weight (LOAEL 189 mg/m3, NOAEL 20 mg/m3).  The subchronic study by
Prendergast et al. (1967) was chosen over the chronic studies because of its better design, its
use of continuous exposure, and its exhibition of toxic effects below the LOAELs reported in
the other studies.
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Although limited in number, the other chronic and subchronic studies available consistently
demonstrate adverse hepatic effects following 1,1-DCE exposure (Lee et al., 1977; Maltoni et
al., 1985; Plummer et al., 1990; Quast et al., 1986).  Hepatocellular fatty change was
observed in rats exposed to 25 ppm or 75 ppm 1,1-DCE intermittently (6 hrs/d, 5 d/wk) for 18
months.  This mid-zonal fatty change was also observed at the 12-month interim sacrifice, but
did not appear to progress in severity or incidence over time (Quast et al., 1986).  A more
severe hepatocellular necrosis and renal tubular necrosis were observed in mice exposed to 55
ppm 1,1-DCE 6 hr/d, 5 d/week for 1 year (Lee et al., 1977).

For comparison, Quast et al. (1986) determined a LOAEL of 25 ppm for liver effects of
minimal severity in rats after 18 months exposure.  Use of continuous time adjustment to 4.5
ppm, multiplication by an RGDR of 1, and division by a total UF of 100 (3 for LOAEL to
NOAEL, 3 for interspecies, and 10 for intraspecies) results in an estimate of 45 ppb (200
µg/m3).

VII. Data Strengths and Limitations for Development of the REL

Uncertainty factors are appropriate due to the limited number of subchronic and chronic
inhalation studies (greater than 1 year duration) in laboratory animals.  In addition, few
industrial surveys and epidemiological studies are available on the adverse effects of 1,1-DCE
in humans; these are limited by small sample size, short follow-up, and/or brief exposure
periods.  But this limited evidence does suggest an association between repeated exposure to
1,1-DCE and liver damage in humans (EPA, 1976), and the key study is an animal study
which found adverse hepatic effects.  No toxicokinetic data regarding the absorption,
distribution, metabolism or excretion of 1,1-DCE in humans are available.
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